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During a study designed to characterize the
irradiated animal throughout life, young adult
male rats were irradiated, then observed for
the remainder of their lives. While the initial
interest was in the interrelationships of tumor
types, radiation, and age, histologic diagnosis
made it apparent that significant numbers of
animals were developing skin cysts of epi-
thelial origin.
The responsiveness of epithelial cells in the
skin to radiation has been well-known since at
least 1909 (1, 2), yet the literature contains
little quantitative data on the induction of skin
cysts by exposure to radiation. There have
been occasional notations of cysts in or near a
region subjected to focal irradiation in man (3,
4) and in mice (5). Maggiora (6) reported that
three of fifteen guinea pigs exposed twice to 1600
r with a month interval (50 kv x-rays, 3 cm
diameter field) had developed histologically dis-
cernible epidermal cysts in the irradiated area
one month after the second increment, but that
in 50 guinea pigs, exposed only once to 1600 r,
no cysts were found.
The present paper concerns the distribution of
grossly observable skin cysts among littermate
groups of male Sprague-Dawley rats, either
sham-irradiated or exposed (whole-body) to
doses of x-rays or neutrons in the sublethal or
lethal (30-day) range.
METHOD5
Singly-caged littermates were distributed into
control, sublethal, or lethal radiation dose groups
on the basis of body weight just prior to irradia-
tion. At 101 days of age, the sublethal and lethal
groups were given single whole-body doses of 430
and 680 rads of x-rays or 230 and 320 rads of fast
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neutrons, respectively, while the control groups
were sham-exposed under similar conditions. The
30-day mortality response to 680 rads of x-rays
was 46 per cent, and that to 320 rads of neutrons
was 15 per cent.
The radiation factors for the x-ray experiments
were: 250 kvp, 15 ma; filter, 0.5 mm Cu + 1.0 mm
Al (HVL 1.5 mm Cu); TSD 40 inches; 27 r/min
(air). The dose rate was measured with a Victoreen
thimble chamber in a paraffin phantom, and the
total doses in rep were converted to rads by multi-
plying by a factor of 0.97. For exposure to the
beam, the animals were placed in Lucite chambers
arranged to approximate an isodose surface. The
chambers were spaced radially on a motor-driven
turntable which revolved slowly in thc radiation
field. The dorsal surfaces of the animals were
nearest to the x-ray tube.
The 60-inch cyclotron of the University of
California Crocker Laboratory was the source of
fast neutrons. Neutrons having a fission-like energy
spectrum were produced by 12-Mev proton bom-
bardment of a beryllium target. Sulfur threshold
detectors were used as dosimeters for the first-
collision dose. The neutron and gamma-ray char-
acteristics of this source (7) and the method of
dosimetry (8) have been published. For exposure,
each animal was confined to a cardboard tube
placed with a lateral side tangent to an isodose
arc. At the mid-point of the exposure, the tubes
were rotated 180° about the short axis to equalize
the dose to both sides of the animal.
Animals were examined for neoplasms at
monthly intervals throughout life. In addition,
they were subjected to intermittent (6 months
intervals) measurements in psychological, meta-
bolic, or physical fitness tests. These tests, as well
as details of animal maintenance, have been de-
scribed previously (9). No epidemic respiratory
pathology was observed throughout the course of
this study. Operable masses, identified visually
or by palpation during clinical examinations, were
removed from live animals as soon as possible after
detection, usually within one week, and any others
remaining were removed at the end of lifespan.
The age at detection, general description, loca-
tion on the animal, and histologic diagnosis were
recorded. In the present paper, only those growths
diagnosed as skin cysts are reported. They varied
from about 2 millimeters to several centimeters
in diameter and were usually identifiable as cysts
at removal. Histologically, the majority (89%)
were diagnosed as epithelial cysts, each with a
wall of normal epithelium enclosing a mass of
laminated cornified material. A few (6%) true
sebaceous cysts, resembling epithelial cysts but
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containing sebum, were found, as well as some(5%) unidentifiable cysts resembling those of
sweat gland origin. For present purposes, they are
all considered together as skin cysts of epithelial
origin.
RESULTS
The percentages of animals within each group
having one or more cysts during their entire
lifespans are shown in Table I. With respect to
the proportion of animals having one or more
cysts, all of the irradiated groups, excepting the
sublethal neutron group (230 rads), exceeded
the 99 per cent confidence limit (10) for the
control group. For animals with cysts, a signifi-
cant difference among dose groups in the pro-
portion of animals with more than one cyst was
not detectable (ehi-square contingency test,
0.80 < P < 0.90). There was no significant dif-
ference detectable among groups in the dis-
tribution of cysts over the body surface although
there was some tendency for control animals to
have a lesser proportion of cysts in the lumbar
and saeral areas and a greater proportion in the
thoracic area, as compared with irradiated
groups.
The proportion of animals within each group
exhibiting cysts as a function of age, together
with a tabulation of the mean age of animals at
the appearance of cysts for each group, is
shown in Figure 1. Each animal is counted only
once for this kind of tabulation and is included
only in the time interval in which the appear-
ance of its first cyst was noted. In addition to
the increase in per cent of animals with cysts in
three of the four irradiated groups, the earlier
appearance of cysts in all irradiated groups
can be seen. In terms of age at first appearance,
TABLE I
Percentege of animols with one or more stein cysts
es a function of dose
X-rays Neutrons
No. cysts (ont1;l9) 430 cads
(N =88)
680 rsds(N = 107) 230 cads(N =41) 320 rads(N 74)
1 12.4 23.9 20.6 12.3 21.6
2 3.9 7.9 4.7 2.4 4.0
3 2.3 3.7 2.4
4 1.1
5
1—S 16.3 35.2 29.0 17.0
1.4
27.0
Fie. 1. Frequency distribution of animals with
skin cysts in non-irradiated controls and in groups
exposed to x-rays or neutrons at 101 days of age.
Mean age (±SD) of animals at appearance of first
cyst is indicated for each group.
each of the irradiated groups differed signif-
icantly (P < 0.01, analysis of variance) from
the control group.
In a study such as this, where death removes
animals from consideration and the experimental
treatment (irradiation) reduces the lifespan
(11), another type of time-incidence analysis is
of value. This is the age-specific rate, in which
the number of animals exhibiting cysts during
a specified age interval is expressed as a pro-
portion of the number of animals available for
examination at the start of the interval. In this
type of analysis, an animal is counted only once
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TABLE II
Relative odds of animals in the irradiated groups
having skin cysts as compared to sham-
irradiated controls
Radiation (d R* 2
X-rays 430
680
5.3
7.6
126.6
154.1
<0.001
<0.001
Neutrons 230
320
4.8
5.3
50.0
77.5
<0.001
<0.001
* A value of 1.0 indicates equal odds of cysts in
irradiated and control groups.
during each time interval in which it is exam-
ined. Furthermore, an animal is counted as
having a cyst from the time of its initial ap-
pearance until the death of the animal. This is
necessary because of the surgical removal of
operable masses. The age-specific rates of ani-
mals with cysts arc shown in Figure 2. For the
irradiated groups, the rates begin to rise ear-
lier, climb more steeply, and reach higher
maxima than in controls. Precise mathematical
description was not attempted, but a general
mathematical comparison of the age-specific data
was made through the use of a relative odds
computation. This parameter is a weighted
average representing an over-all evaluation of
the odds of having cysts in an irradiated
group as compared to the controls, and the
departure of this measure from unity can be
evaluated statistically (12). The relative odds
for irradiated animals having cysts are signifi-
cantly greater than unity, and there is a tend-
ency toward a dose-ordered relationship within
each type of radiation (Table II).
DISCUSSION
There appear to be several reasons for the
lack of previous reports of significant incidences
of grossly observable skin cysts following irra-
diation of experimental animals. First, the long
latent period following exposure necessitates
the maintenance of animals over extended
periods of time, a practice not usual in most
laboratories. Second, most investigations are
limited to certain pre-determined observations,
some of them depending on destruction of the
material, and are not designed to capitalize the
"clinical" approach. Finally, other strains and
species of animals may lack the propensity for
the development of skin cysts. Thus, these three
factors appear sufficient to account for the
rarity of reports of skin cysts following irra-
diation.
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Fio. 2. Age-specific rate of animals with skin cysts for controls and irradiated groups.
Rate (per cent animals/30-day interval) 100 C/N, where C is number of animals with
one or more cysts during interval, and N is number of animals alive at start of intarval.
N h 17 for each point. Irradiation at 101 days of age.
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In speculating on the mediation of the radia-
tion effect, one must first consider the etiology
of skin cysts in the non-irradiated animal. For a
long time, skin cysts were thought to develop
from trauma, from isolated embryonic cells, or
were thought to represent a retention phenome-
non resulting from obstruction of hair follicles,
or of sebaceous or sweat gland ducts, with cysts
forming as secretion continued (13, 14). More
recently skin cysts have been viewed as a type
of benign tumor arising from equipotential cells
(15, 16) in the epidermis (17). Induction of
tumors is a well-known consequence of radia-
tion exposure. Indeed, the proportion of animals
with tumors of the skin, excluding cysts, in the
irradiated groups of the present study was
significantly greater than in controls. Another
indication that the epithelial cysts and tumors
are related is found in the observation that
systemic administration of the potential car-
cinogen, urethan, can also result in the forma-
tion of epithelial cysts (18). Thus, the induc-
tion of epithelial cysts by radiation and by a
chemical carcinogen is consistent with their
classification as benign tumors. As tumors, their
increased incidence following irradiation is not
surprising although the mechanism of their in-
duction remains unknown as for most neo-
plasms.
Specification of the latent period for cyst
formation after irradiation apparently de-
pends upon the method of observation as well
as on the radiation factors. With a detailed
histologic search of a locally exposed area, cysts
have been detected within a few months of ex-
posure (5, 6). Whether the cysts of the present
study were the only ones formed, or whether
they were only the fraction of a great number of
microscopic cysts which became large enough
for gross observation, remains to be elucidated
by further investigation. Furthermore, one sus-
pects that microscopic cysts are not immutable,
and that there is a strong possibility that radia-
tion may be modifying a normal dynamic
equilibrium of cyst formation and destruction,
rather than simply inducing some of the ubiq-
uitous indifferent cells of the cutaneous epithe-
hum to form cysts.
sUMMARY
Littermate male Sprague-Dawley rats were
either sham-irradiated or given single whole-
body doses of 430 or 680 rads of x-rays or of
230 or 320 rads of fast neutrons at 101 days of
age. Survival during the first month after expo-
sure was 100 per cent for the lower doses. After
the higher doses of x-rays and neutrons, survival
(30-day) was 54 per cent and 86 per cent, re-
spectively. Animals were examined for the pres-
ence of skin cysts at monthly intervals
throughout life. Cysts varied from 2 mm to a
few ems in diameter. The majority (89%) were
histologically identified as epithelial cysts, en-
closing a mass of laminated cornified material.
The remainder were either true sebaceous cysts
(6%) or were of unidentifiable origin (5%).
The over-all incidence of animals with cysts was
significantly increased by both doses of x-rays
and by the higher dose of neutrons. In all four
irradiated groups, cysts oppeared earlier than
in controls. In control animals, the age-specific
cyst rate began to rise appreciably at about 18
months of age, while for irradiated groups it
began to rise some 5 to 6 months earlier. The
present data are consistent with the concept
of cyst formation through the differentiation
of the equipotential cells of the epidermis and
with the categorization of epithelial cysts as
benign neoplasms.
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